Mobilearn is a project within the 5 th Framework Programme of the European Union. Its objective is, to investigate the use of mobile technologies in different learning contexts. In order to achieve this, a service based software architecture is developed. In the following paper we describe the architectural approach taken within the Mobilearn project and some of the experiences gained. The author is a member of the Mobilearn Project Management Board. His institute maintains the Mobilearn Software Documentation.
INTRODUCTION
Mobile devices like Smartphones, PDAs and wireless connected Tablet PCs and notebooks provide in principle ubiquituous access to distributed knowledge resources. This opens up principally new possibilities for learning, not only in an institutional context but as least as much for the everyday learning activities motivated by interest, curiosity or professional needs. The Mobilearn project investigates these possibilities. Already in an early stage of the project it was decided to develop a service based framework for these investigations. Currently the project is in the final state of designing its system of services. Following a short introduction into the work of the Mobilearn project -as much as this is needed for the current subject -we will describe the reasons that led the project to go for a service based architecture. Then we will discuss the way in which this architecture is designed. This will show up some of the problems that the design of a service based architecture poses and the way in which these problems are handled within the Mobilearn project. Finally we will shortly describe the tools that have been used respectively developed in Mobilearn to support this work.
THE MOBILEARN PROJECT
The Mobilearn project has been started July 1 st , 2002. It brings together 24 partners from 6 European countries and Israel in a joint effort to investigate the use of mobile technologies for different learning settings. In addition to these European partners, Mobilearn has an agreed collaboration with partners from the United States and Australia. The project is coordinated by Giunti Ricerca. More detailed information can be found on the project web site http://www.mobilearn.org. For the following discussion it is very important to note that the Mobilearn partners come from quite different communities -there is pedagogy as well represented as technology and academia as well as industry. Mobilearn intentionally concentrates not on the usual institutional learning scenarios. The basic strands to be investigated in the project are
• Visitors of a museum coming with certain interests and being supported in learning more about this and related art issues • People needing to learn about health problems for their personal usage without being health care professionals • Experienced managers or first semester students attending MBA university courses and needing assistance to quickly adapt to the opportunities offered by the university. The project undertakes to develop a technology that supports selected learning scenarios in these fields in a prototypical way. It is planned to test these prototypical tools with small groups of learners in order to gain a better understanding of the possibilities they offer and of the challenges which their further development poses. In the first year of the project, emphasis was on the investigation of the user needs. A considerable number of usage scenarios in the aforementioned fields has been collected from the Consortium members and from associated partners. These have been revised in a discussion among the partners. This has led to the formulation of four core scenarios that would be optimal to support from the end user and pedagogy point of view. It was found most attractive to develop basically a single Mobilearn system that would be capable to support all these core scenarios. Then, in fact, the resulting system should be also capable to cover other scenarios which combine activities from these. In parallel, project partners continued to develop software and to augment it with features which were likely to be needed in the project. The most important software tools, which were also used for early prototype testing, where
• a learning management system • a collaboration system • a context awareness system • a mobile video delivery system The experienced reader may note that there is a considerable similarity with the framework proposed by the Open Knowledge Initiative (OKI) led by the Mobilearn partner MIT. This is intended in order to foster the future cooperation between both projects. The further work then concentrated on defining the required mobile and generic services. Looking backward it seems remarkable that this service based design was confirmed at the project meeting without an in-depth discussion. This seems due to the fact that the consequences and the significance of the proposed usage of a service based framework was not realized by many of the partners. This may be in part explained by the mixed competence available in the project and by the dominant effort (at that time) of analyzing the demands from a user point of view. It took until project month 12 to realize widely within the project that this approach, while being very much in line with current trends in software development, poses a number of additional challenges to the project.
• There is currently little technological experience in designing a service based system • Software development tools are just beginning to support the development of individual services. There is almost no tool support for the development of a complete system of services.
• The usefulness of a system of services is hard to evaluate by the representatives of the potential end users.
• This as well as the coordinated development of a system of independent services poses new challenges to the project management, especially the management must take care of the emerging dependencies between different services and workpackages.
• Having independent services which communicate through the exchange of messages poses problems of distributed data storage and synchronization.
• The large communication traffic between the services may pose efficiency problems to the overall system. On the other hand, the proposed service based architecture offers considerable benefits.
• Applications for different scenarios can be easily assembled from the various services • More services, also from other parties, may be integrated relatively easy • Existing systems can be reused by wrapping them into service envelopes. This allows each service developer to use the most efficient tools and programming languages for his purpose. Re-implementation in a common programming language is avoided.
• The project management can concentrate on the coordination of the design and implementation of the mutual service calls, while it can leave all issues about data structures and algorithms completely to the implementing teams • Mobilearn services may be reused outside the Mobilearn project through their open communication interfaces.
• The high level design of the system of services allows an early analysis of the emerging system and its comparison with the requirements from the users point of view. These advantages led the consortium to confirm the taken approach at a project meeting at month 12 . A special point discussed at this meeting was, whether the project will build a set of web services. Concern was raised about lack of sufficient experience with the development of this kind of services. This was met by the
DESIGNING THE MOBILEARN SYSTEM OF SERVICES
The starting point of the design of the system of services was the collection of core scenarios which have been isolated from the user requirements which had been collected in the first project phase. In a first approach it was planned to describe these scenarios as UML use cases and to transform this into a design of the intended system. This turned out to be too time consuming and to require too much additional discussion between those investigating the user needs and the underlying pedagogic principles and those having to design the services. Especially the required degrees of precision and granularity of the description had to be discussed. Therefore it was decided to proceed on two parallel tracks in a coordinated way. On one side it was continued to collect requirements from the end users side. These have been collected in a database maintained by The Open University UK. This database has a web interface so that partners could add requirements at any time. From time to time a revision of the database will evaluate the requirements uploaded and will forward them to the appropriate partners concerned with implementing the respective Mobilearn services. This activity is considered to be important to test the achievements of the project against the actual user needs. On the other hand, the design of the system of services started directly from the description of the selected core scenarios. It was apparent in this process that designing a software for educational purposes requires urgently a special competence to translate between the world of education and the world of software implementation. In this process, the use of UML diagrams has been helpful because they depict important features of the design under development in a graphic way which is easy to understand. Interviews with the respective experts in the Consortium where the most efficient mean to overcome different interpretations of requirements and possibilities. So, taking the produced UML use cases into account, in parallel the implementation group started to decompose the selected scenarios into activities. A set of services was designed so that all specified activities could be supported. This set of services then was structured into a number of components so that the responsibility for the development of the services of a single component could be assigned to one workpackage of the project. Already at this stage it was scheduled which service should be available at specific phases of the project. The next step augmented each service with a verbal description of its role. Also it was defined which other services it would call. This led to the network of dependencies which is depicted in Figure 2 Using an automated tool it was verified already at this early stage that the network is free of loops, thus ensuring that the Mobilearn service architecture could not run into a deadlock. Also the possible service call sequences were automatically analyzed. This provided for each service a rough constraint for the response time it has to achieve in order to achieve a satisfactory overall response time of the system. Subsequently for each service the operations it expects to call from other services are defined and the network was again analyzed. While so far the design was carried out in a demand driven way, the point of view now was changed to prepare the formal specification for the implementation. In fact, the central documentation (maintained in MS Word for ease of use) was restructured to reflect the system of services from the point of view of the services providing the expected operations. General guidelines for specifying the behaviour of the services in a formal way were provided by the Integration Workpackage Management, being the basis for the further implementation process.
THE MOBILEARN SOFTWARE DOCUMENTATION
In order to fully utilize the possibility to develop the individual services concurrently at independent sites, the Consortium agreed on a standard form of documentation of the design process. This documentation developed into a central tool for the coordination of the software design process. The Mobilearn Software Documentation has three main parts:
• The Software Requirements Specification gives a high-level documentation. It is mainly intended to serve the communication between users, developers of scenarios and software developers.
• The Component Design breaks down the Software Requirement Specification from a technical point of view into a set of components that can be implemented independent of each other. This part is mainly intended to serve the communication between software developers located at different sites.
• The System Status part gives a survey of all involved services and operations as well as their interrelations. A table of problems is available to coordinate testing of the system. Main usages of this documentation are
• To agree on the functionalities to be provided • To agree on the communication between services that are developed concurrently at different sites
• To determine what is a correct behaviour of the Operations to be implemented • To set the quality standards to be achieved • To provide a framework for software testing • To monitor the status of implementation In order to achieve this, the document must be unambiguous and complete. Because of its central importance it was necessary that all partners can use it without special training in a reliable and comfortable way. Therefore it was decided to maintain the documentation in the form of a single Microsoft Word file. The necessary degree of standardization was achieved by providing within the document standard templates for specifying services and operations and for the reporting of bugs and requests. A special Mobilearn menu added to the Microsoft Word menu bar offered easy access to macros for inserting the required forms. In order to avoid ambiguities during the design and implementation process the document was organized in such a way that each particular information was noted in a single place only. Nevertheless it was acknowledged, that this information might be needed in several places. In order to serve these needs and to ease communication among the project partners -but also in order to allow an automated analysis of the design produced -each component, service and operation has been assigned a unique identifier in a standardized way. For example the identifier AB_CDE+02 denotes the second operation called by the service CDE from component AB. Used with care in tables of operations and services, these identifiers allowed for easy regrouping of information according to different needs by sorting for appropriate identifiers. This was especially useful during the design process when the view of the documentation was changed from the service consumer's perspective to the service provider's perspective. For each component, service and operation its definition could be easily located by searching for the identifier of the corresponding item in square brackets. This feature was used to automatically set hyperlinks from each occurrence of an identifier to the place where the corresponding object was defined. Thus duplication of information was avoided but the information could be easily accessed from every place where it was needed. It required some efforts to keep the software documentation in a state that made it suitable for automated maintenance and automated analysis tools. Several times well-meant attempts had to be refused to rename identifiers for a better reflection of the meaning of the respective object or to make the document looking more nicely by manual formatting. These attempts destroyed the structure and uniformity needed for the automated tools. They could be corrected due to the version management under which the documentation was kept on the central Mobilearn document repository.
SUMMARY
The design of a service based system offers significant benefits for the development of complex applications in a distributed way. However it also poses considerable challenges to the coordination of the project. The Mobilearn project has found ways to manage the design of such a service based architecture successfully, using UML and an especially designed way of documentation.
